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(57) ABSTRACT 

The invention provides, for an IEEE 1394 network Wherein 
a plurality of IEEE 1394 serial buses are connected to each 
other by means of a bridge, a synchronization method 
betWeen the buses Wherein an existing 1394 apparatus 
operates even if it is connected to one of the buses and a 
band resource of the bus is not consumed. As a network 
cycle master Which functions as a reference clock source of 
an entire netWork, an arbitrary one portal is selected. In each 
bus to Which the netWork cycle master is not connected, a 
portal Which has the least node hop number to the netWork 
cycle master is selected as a local cycle master. The other 
portals Which are not selected are all set as a dependent 
portal. The netWork cycle master and the dependent portals 
transmit a synchronizing signal to the other portals in the 
same bridge. Each local cycle master receives the synchro 
nizing signal transmitted from the netWork cycle master or 
the dependent portal in the same bridge and performs control 
of synchronizing the cycle frequency thereof With the cycle 
frequency of the portal Which has transmitted the synchro 
nizing signal. Each of the netWork cycle master and the local 
cycle masters operate as a cycle master in the bus to Which 
it is connected. 

13 Claims, 13 Drawing Sheets 
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NETWORK SYNCHRONIZATION SYSTEM 
AND NETWORK SYNCHRONIZATION 

METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a network synchronization sys 

tem and a netWork synchronization method for establishing 
synchronism of a communication netWork Which employs a 
bus of the IEEE 1394 standard. 

2. Description of the Related Art 
The IEEE 1394 standard (hereinafter referred to as 1394) 

Which is a high performance serial bus standard prescribes 
an isochronous transfer mode Which secures a transfer band 
of a packet. The isochronous transfer mode is realiZed by 
introducing a concept of a cycle having a nominal cycle 
frequency of 8 kHZ and a procedure of acquiring in advance 
a time Within Which a packet can be transferred for each 
cycle. 
A detailed method prescribed in the IEEE 1394 standard 

in order to managing cycles is described With reference to 
FIG. 1. Referring to FIG. 1, the start of a cycle is recogniZed 
by detecting a cycle start packet broadcast in the bus. The 
cycle start packet is transmitted from one node called cycle 
master set for the bus. The cycle master includes a 
CYCLEiTIME register for storing the time and keeps the 
period for transmission of a cycle start packet ?xed using the 
CYCLEiTIME register. 

The format of the CYCLEiTIME register prescribed in 
the IEEE 1394 standard is illustrated in FIG. 2. Referring to 
FIG. 2, the CYCLEiTIME register is a 32-bit register, 
Wherein the higher order 7 bits are called secondicount 
?eld, the folloWing 13 bits are called cycleicount ?eld and 
the loWer order 12 bits are called cycleioffset ?eld. The 
cycleioffset ?eld forms a counter Which increments With a 
clock of a nominal frequency of 24.576 megahertZ, and 
returns its count value to 0 after it comes to 3,071 (decimal 
number). In other Words, the cycleioffset ?eld is a counter 
Whose count value returns to 0 after each 125 microseconds 
as a period of a cycle. The folloWing cycleicount ?eld 
forms a counter Which increments by one at a timing at 
Which the cycleioffset returns to 0 and counts the number 
of cycles. The cycleicount ?eld returns to 0 after the count 
value thereof comes to 7,999 in decimal number. In other 
Words, the cycleicount is a counter Whose count value 
returns to 0 after each one second. The secondicount ?eld 
in the highest order is a counter Which increments by one at 
a timing at Which the cycleicount returns to 0, and counts 
seconds. The secondicount ?eld returns to 0 after the count 
value thereof comes to 127 in decimal number. 

The cycle master tries to transmit a cycle start packet at 
a timing at Which the cycleicount ?eld of the 
CYCLEiTIME register thereof is incremented. If there is 
no packet being currently transferred on the bus, then the 
cycle master immediately transmits a cycle start packet, but 
if there is a packet being currently transferred on the bus, 
then the cycle master transmits a cycle start packet after the 
transfer of the packet is completed. Such control is per 
formed in order to keep the period of a cycle substantially 
?Xed. In the cycle start packet, the value of the 
CYCLEiTIME register When the cycle start packet is 
transmitted onto the bus is placed. Any other node than the 
cycle master receives the cycle start packet and overWrites 
the value of the CYCLEiTIME register of the node With the 
value placed in the cycle start packet. Consequently, the 
values of the CYCLEiTIME registers of all nodes con 
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2 
nected to the bus are synchroniZed With the value of the 
CYCLEiTIME register of the cycle master. 

After the cycle start packet is transferred, those nodes 
Which have acquired a band in advance start transmission of 
an isochronous packet. For transfer of packets, arbitration of 
the bus is performed after an interval called isochronous gap 
Within Which no data transfer is performed is detected, and 
transmission of the packets is performed in order beginning 
With a node Which has acquired a packet transmission right. 
After the transfer of all of the isochronous packets for Which 
a band has been acquired is completed, a transfer period for 
a packet of the best effort type called asynchronous packet 
is placed for a time after a gap of a long time called sub 
action gap is detected until a cycle start packet indicative of 
the start of a neXt cycle is detected. 

It is to be noted that, in an initialiZation procedure for the 
bus, a node to Which a physical ID of the highest value is 
allocated is selected as a cycle master. 

MeanWhile, an IEEE 1394 bridge (hereinafter referred to 
as bridge) is investigated Wherein a plurality of 1394 buses 
are connected to each other to perform packet transfer 
betWeen the different buses. By use of the bridge, increase 
in scale and in efficiency of a netWork Which employs the 
IEEE 1394 standard can be achieved. A standardiZation 
Work is being proceeded by the IEEE P1394.1 Committee. 
A basic construction of the bridge is shoWn in FIG. 3. 

Referring to FIG. 3, the bridge is basically composed of 
portals and a sWitching fabric. Aportal is a part at Which the 
bridge is connected to an IEEE 1394 bus, and also the portal 
itself functions as anode. MeanWhile, a sWitching fabric is a 
packet sWitch for performing packet transfer betWeen portals 
in the bridge. In FIG. 3, a bridge 10 in Which tWo portals (a 
portal 20 and another portal 21) and a sWitching fabric 30 for 
connecting them to each other are built is shoWn. HoWever, 
the number of portals built in one bridge may otherWise be 
three or more. The portal 20 and the portal 21 are connected 
to a 1394 bus 40 and another 1394 bus 41, respectively, so 
that packet transfer can be performed betWeen the buses. 
Where isochronous packet transfer betWeen different 

buses is to be performed using the bridge, it is necessary to 
synchroniZe the buses With each other in order to make 
periods of cycles of all of the buses on a packet transfer route 
coincide With each other. The IEEE P1394.1 Committee 
investigates, as a method of establishing synchronism 
betWeen buses, a method Which uses a goisloW command 
and a goifast command. Although details of the method are 
not decided as yet, the concept of the method is such as 
folloWs. 

Similarly to the eXisting 1394 standard, even Where a 
netWork is formed from a plurality of buses using the bridge, 
a cycle master is determined for each bus and manages 
synchroniZation betWeen nodes in the one bus. While, 
according to the eXisting IEEE 1394 standard, the 
CYCLEiTIME register of the cycle master operates in free 
run, according to the IEEE P1394.1 Committee, synchro 
nism is established betWeen cycle masters to establish 
synchronism of all nodes on the netWork. The goisloW 
command and the goifast command are used for such 
establishment of synchronism betWeen cycle masters. 
Anode Which provides a reference to the time of the entire 

netWork, that is, a netWork cycle master, is selected ?rst. The 
reference time information of the netWork cycle master is 
distributed to all buses on the netWork by some method. The 
portal of each bus compares the time information of the 
netWork cycle master With time information of the cycle 
master of the bus, that is, the local cycle master, to Which the 
portal itself is connected. If the comparison reveals that the 
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time of the local cycle master should be delayed, then the 
portal transmits the go-sloW command to the local cycle 
master, but if it is discriminated that the time of the local 
cycle master should be advanced, then the portal transmits 
the go-fast command to the local cycle master. The local 
cycle master receiving the command transmitted from the 
portal controls the value of the CYCLEiTIME register 
thereof in accordance With the command. More particularly, 
if the go-fast command is received, then the local cycle 
master increments the value of the cycleioffset ?eld of the 
CYCLEiTIME register by one, but if the go-sloW com 
mand is received, then the local cycle master decrements the 
value of the cycleioffset ?eld by one. By the method 
described, the periods of cycles of the different buses can be 
kept equal. 

It is to be noted that, since any of the commands must be 
transferred Without any delay for each cycle (after each 125 
microseconds), command transfer is performed using the 
isochronous mode. 

In the conventional netWork synchroniZation method 
described above, if an eXisting 1394 apparatus Which does 
not incorporate the method is connected to the bus and 
selected as the cycle master, then synchronism cannot be 
established betWeen the buses. Accordingly, the conven 
tional netWork synchroniZation method is disadvantageous 
in that an eXisting 1394 apparatus cannot be connected to an 
IEEE 1394 netWork constructed using the bridge. The con 
ventional netWork synchroniZation method is disadvanta 
geous also in that a resource of isochronous transfer is 
consumed for establishment of synchronism. 

SUMMARY OF THE INVENTION 

It is an object of the present invention provides a netWork 
synchroniZation system and a netWork synchroniZation 
method by Which synchronism can be established in a 
netWork Without signaling a control signal for establishment 
of synchronism onto a bus even if an eXisting IEEE 1394 
apparatus is connected to the netWork. 

In order to attain the object described above, according to 
an aspect of the present invention, there is provided a 
netWork synchroniZation system for a netWork Wherein a 
plurality of buses are connected in a tree-like con?guration 
by means of a bridge Which has a plurality of portals each 
of Which has a function of a node of the IEEE 1394 standard 
and to each of Which a single bus Which complies With the 
IEEE 1394 standard is connected, comprising a netWork 
clock reference node functioning as a reference clock source 
for the entire netWork and as a cycle master prescribed in the 
IEEE 1394 standard, one of the portals included in the 
netWork being set as the netWork clock reference node, and 
a local clock reference node provided for each of the other 
buses than the bus to Which the netWork clock reference 
node is connected and serving as a cycle master prescribed 
in the IEEE 1394 standard for the bus to Which the local 
clock reference node is not connected, one of the portals 
connected to each of the other buses Which has the least 
number of hops of nodes up to the netWork clock reference 
node being set as the local clock reference node, the local 
clock reference node including means for synchroniZing a 
cycle frequency thereof With a cycle frequency of the 
netWork clock reference node. 

According to another aspect of the present invention, 
there is provided a netWork synchroniZation method for a 
netWork Wherein a plurality of buses are connected in a 
tree-like con?guration by means of a bridge Which has a 
plurality of portals each of Which has a function of a node 
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4 
of the IEEE 1394 standard and to each of Which a single bus 
Which complies With the IEEE 1394 standard is connected, 
comprising a ?rst step of determining a netWork clock 
reference node Which functions as a reference clock source 
for the entire netWork and as a cycle master prescribed in the 
IEEE 1394 standard, a second step of determining a local 
clock reference node Which functions as a cycle master 
Which synchroniZes a cycle frequency thereof With a cycle 
frequency of the netWork clock reference node, a third step 
performed by each of the netWork clock reference node and 
the local clock reference node or nodes of setting all of the 
other portals than the netWork clock reference node or the 
local clock reference node connected to the bus to Which the 
netWork clock reference node or the local clock reference 
node is connected as non-reference nodes, and a fourth 
procedure performed by each of the netWork clock reference 
node and the non-reference nodes of setting all of the other 
portals of the bridge to Which the netWork clock reference 
node or the non-reference node is connected as the local 
clock reference node. 
The ?rst step may be performed manually by a manager 

of the netWork. 
The netWork synchroniZation method may be constructed 

such that each of the netWork clock reference node and the 
non-reference nodes transmits a synchroniZing signal to all 
of the other local clock reference nodes of the bridge to 
Which the netWork clock reference node or the non-reference 
node is connected, and each of the local clock reference 
nodes uses the received synchroniZing signal to synchroniZe 
the cycle frequency of the local clock reference node itself 
With the cycle frequency of the netWork clock reference 
node. 
The synchroniZing signal may be a signal of a 32-bit 

Width of a CYCLEiTIME register of the node from Which 
the synchroniZing signal is transmitted or of a 25-bit Width 
of the loWest order 25 bits or a 12-bit Width of the loWest 
order 12 bits of the CY CLEiTIME register. 
The netWork synchroniZation method may be constructed 

such that the synchroniZing signal is a signal of a 32-bit 
Width of a CYCLEiTIME register of the node from Which 
the synchroniZing signal is transmitted or of a 25-bit Width 
of the loWest order 25 bits or a 12-bit Width of the loWest 
order 12 bits of the CYCLEiTIME register, and the local 
clock reference node periodically performs control of 
increasing or decreasing a cycleioffset ?eld of the 
CYCLEiTIME register of the local clock reference node 
With a ?Xed number so that a difference betWeen a portion 
of the CYCLEiTIME register of the local clock reference 
node having an equal bit Width to that of the synchroniZing 
signal and the value of the synchroniZing signal may be 
?Xed. 

In this instance, a period in Which the control is performed 
may be equal to a time for 3,072 clocks of a clock source of 
24.576 megahertZ included in the local clock reference node. 
The synchroniZing signal may be a pulse signal Which is 

generated at a timing at Which the value of a cycleioffset 
?eld of a CYCLEiTIME register of the node from Which 
the synchroniZing signal is transmitted becomes equal to a 
predetermined value. 

In this instance, the predetermined value may be one of 
integers equal to or greater than 1,000 but equal to or smaller 
than 3,070. 
The netWork synchroniZation may be constructed such 

that the local clock reference node includes a counter Which 
counts up With a clock source of 24.576 megahertZ and 
returns its count value to 0 When the count value becomes 
equal to 3,071 but is set to a predetermined value When the 



US 6,975,654 B1 
5 

pulse signal is received, and periodically performs control of 
increasing or decreasing the cycleioffset ?eld of the 
CYCLEiTIME register of the local clock reference node 
With the ?xed number so that the difference betWeen the 
count value of the counter and the value of the cycleioffset 
?eld of the CYCLEiTIME register may be equal. 

The local reference node may perform, each time the 
pulse signal is received, control of increasing or decreasing 
the cycleioffset register of the CYCLEiTIME register 
thereof With a ?Xed number so that the value of the 
cycleioffset ?eld When the pulse signal is received may be 
equal to a predetermined value. 

With the netWork synchroniZation system and the netWork 
synchroniZation method, a netWork Wherein all buses are 
synchroniZed With each other can be constructed also in an 
environment Wherein an eXisting IEEE 1,394 apparatus is 
connected. Further, since there is no necessity of transferring 
a control signal for synchroniZation onto any bus, the 
bandWidth of the netWork can be utiliZed ef?ciently. 

The above and other objects, features and advantages of 
the present invention Will become apparent from the fol 
loWing description and the appended claims, taken in con 
junction With the accompanying draWings in Which like 
parts or elements are denoted by like reference symbols. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic vieW illustrating a management 
method for a cycle prescribed in the IEEE 1394 standard; 

FIG. 2 is a diagrammatic vieW shoWing a format of a 
CYCLEiTIME register prescribed in the IEEE 1394 stan 
dard; 

FIG. 3 is a diagrammatic vieW shoWing a basic construc 
tion of an IEEE 1394 bridge; 

FIG. 4 is a diagrammatic vieW shoWing a netWork syn 
chroniZation system to Which the invention is applied; 

FIG. 5 is a How chart illustrating a role decision procedure 
for a portal for netWork synchroniZation by the netWork 
synchroniZation system; 

FIG. 6 is a diagrammatic vieW shoWing a format of a PHY 
con?guration packet; 

FIG. 7 is a How chart shoWing a modi?cation to the role 
decision procedure for a portal illustrated in FIG. 5; 

FIG. 8 is a block diagram of a ?rst cycle synchroniZation 
control system betWeen portals Which can be applied to the 
netWork synchroniZation system; 

FIG. 9 is a diagrammatic vieW illustrating speci?cations 
of comparison processing performed by a comparison circuit 
shoWn in FIG. 8; 

FIG. 10 is a diagrammatic vieW shoWing a link layer LSI 
employed in a modi?cation to the ?rst cycle synchroniZation 
control system shoWn in FIG. 8; 

FIG. 11 is a diagrammatic vieW illustrating comparison 
operation speci?cations of a comparison operation circuit 
shoWn in FIG. 10; 

FIG. 12 is a diagrammatic vieW shoWing a second cycle 
synchroniZation control system betWeen portals Which can 
be applied to the netWork synchroniZation system; and 

FIG. 13 is a diagrammatic vieW shoWing a construction of 
a link layer LSI employed in a modi?cation to the second 
cycle synchroniZation control system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 4 shoWs a netWork to Which a netWork synchroni 
Zation method according to the present invention is applied. 
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6 
Referring to FIG. 4, ?ve IEEE 1394 buses 40 to 44 are 
connected in a tree-like con?guration by four bridges 10 to 
13 to form a single netWork. It is to be noted that, in FIG. 
4, each circle represents a bridge, and one half of the circle 
represents a portal. In other Words, each of the bridges 10 to 
13 has tWo portals. The portals are named A to H for the 
convenience of description. 

In the netWork shoWn, the portal B of the bridge 10 is set 
as a netWork cycle master. The netWork cycle master func 
tions as a reference clock source for the entire netWork and 
also as a cycle master for the IEEE 1394 bus 40 to Which the 
netWork cycle master itself is connected. In this condition, in 
each of those buses to Which the netWork cycle master is not 
connected, a portal Which has the smallest hop number to the 
netWork cycle master is set as a local cycle master. The local 
cycle master has a function of synchroniZing the cycle 
frequency thereof With the cycle frequency of the netWork 
cycle master and functions as a cycle master in the bus to 
Which the local cycle master itself is connected. In accor 
dance With the de?nition of a local cycle master, for 
eXample, in the IEEE 1394 bus 41, from among the three 
portals A, E and G connected to the bus, the portal A Which 
has the smallest hop number from the portal B Which is the 
netWork cycle master is set as a local cycle master. Similarly, 
in the buses 42 to 44, the portals D, F and H are set as a local 
cycle master. 

Each local cycle master synchroniZes the cycle frequency 
thereof With the cycle frequency of the other portal (here 
inafter referred to as neighboring portal) in the same bridge. 
For example, the portal A can synchroniZe the cycle fre 
quency thereof itself With that of the portal B by a method 
hereinafter described because the neighboring portal to it is 
the portal B Which is the netWork cycle master. MeanWhile, 
the neighboring portal to the portal D is the portal C. Since 
the portal C is connected to the same bus 40 as the portal B, 
the cycle frequency of the portal C is synchroniZed With the 
portal B based on a cycle start packet sent from the portal B. 

Accordingly, the portal D can indirectly synchroniZe the 
cycle frequency thereof With the cycle frequency of the 
portal B by synchroniZing the cycle frequency of the portal 
D itself With that of the portal C Which is the neighboring 
portal. Also the portal F and the portal H can synchroniZe 
their cycle frequencies indirectly With the cycle frequency of 
the portal B by synchroniZing the cycle frequencies of the 
portals F and H themselves With the cycle frequencies of the 
neighboring portals to them similarly to the portal D. 

If the cycle frequencies of all of the local cycle masters 
are synchroniZed With that of the netWork cycle master, that 
is, the portal B, then since the other nodes can be synchro 
niZed using the cycle start packet, synchronism of the entire 
netWork is established. 

Once a local cycle master is disposed in each bus by the 
method described above, even if an eXisting IEEE 1394 
apparatus is connected to one of the buses, all of the buses 
can be synchroniZed With the clock of the netWork cycle 
master. Further, since control for the synchroniZation is 
performed all betWeen the portals in the bridge apparatus, 
there is no necessity of transferring a control signal for 
synchroniZation onto the buses. 

FIG. 5 is a How chart illustrating a role decision method 
for a portal for netWork synchroniZation according to the 
netWork synchroniZation method of the present embodi 
ment. It is to be noted that, in FIG. 5, the netWork cycle 
master is represented as NCM, a local cycle master as LCM, 
and a cycle master as CM in abbreviated form. Further, each 
portal Which is set neither as the netWork cycle master nor 
as a local cycle master is represented as a dependent portal. 
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In the network synchronization method of the present 
embodiment, a method wherein the network cycle master is 
set manually by a manager of the network is applied. In 
particular, each bridge apparatus includes a network cycle 
master setting switch and the manager sets the switch. 
Where a plurality of bridge apparatus are used to construct 
a network, only one of the bridge apparatus is set so as to 
operate as the network cycle master, and all of the remaining 
bridge apparatus are set so that they may not operate as the 
network cycle master. 

In the following, the procedure of FIG. 5 is described. 
After an initialiZation procedure for a bus (a tree ID process 
and a self ID process) prescribed in the IEEE 1394 standard 
is completed in step S1, each portal checks in step S2 
whether or not the portal itself is set as the network cycle 
master. If the portal is the network cycle master (NCM) 
(YES in step S2), then it performs a NCM procedure 
beginning with step S3 which is hereinafter described. 
Similarly, the portal checks in step S7 or S10 whether or not 
the portal itself is set as a LCM or a dependent portal, and 
if it is set as such, it performs a LCM procedure beginning 
with step S8 or a dependent portal procedure in step S11 
which is hereinafter described. Any portal which is not set 
to any of them (NO in steps S2, S7 and S10), it waits until 
it is set as one of them (steps S12 and S13), and after 
completion of the setting (YES in step S13), it performs the 
pertaining procedure. 

The NCM procedure is described. Aportal set as the NCM 
?rst checks in step S3 whether or not the portal itself is set 
as a cycle master on the bus. This is performed by checking 
the cmstr bit which is at the 24th bit from the top of a 
STATELCLEAR register of the portal, and if this bit is 1, 
then the portal is a cycle master, but if the bit is 0, then the 
portal is not a cycle master. If it is detected that the portal 
itself is not a cycle master (NO in step S3), then it performs 
a procedure which is hereinafter described for making the 
portal itself a cycle master in step S4. On the contrary, if it 
is detected that the portal is a cycle master (YES in step S3), 
then it performs a procedure of ?rst setting the neighboring 
portal to the portal as a local cycle master, that is, a LCM, 
in step S5 and then setting all of the other portals other than 
the portal itself on the bus to which the portal itself is 
connected as dependent portals in step S6. 

The procedure mentioned above for making the portal 
itself a cycle master is described now. In order to make the 
portal itself a cycle master, a PHY con?guration packet 
prescribed in the IEEE 1394 standard is used. The format of 
the PHY con?guration packet is illustrated in FIG. 6. The 
packet has a 64-bit length, and the 32 bits in the latter half 
are redundant bits inverse to the 32 bits in the former half. 
The NCM transmits the PHY con?guration packet wherein 
the R bit is set to 1 and a physicaliID of the NCM itself is 
described in the phyiID ?eld. Since the T bit and the 
gapicnt ?eld are ?elds used for non-pertaining objects, 
description of them is not given here. The 
PHYicon?guration packet transmitted is received by all of 
the nodes on the bus. The node designated by the phyiID 
?eld at this time is set as the root in the neXt bus initialiZation 
procedure. Since the IEEE 1394 standard prescribed that a 
root having a capacity of a cycle master operates as a cycle 
master, the node set as the NCM can be set as a cycle master 
by causing the bus initialiZation procedure to be started 
compulsorily after transmission of the PHYicon?guration 
packet. 

Subsequently, the LCM procedure is described. Since also 
a LCM must operate as a cycle master similarly to the NCM, 
if it is detected that the LCM itself is not a cycle master in 
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step S8, then it becomes a cycle master through the same 
procedure as the procedure in step S4 described above. If it 
is con?rmed that the LCM is a cycle master (YES in step 
S8), then it performs a procedure of setting all of the portals 
other than the portal itself on the bus to which the portal 
itself is connected as dependent portals in step S9. 
On the other hand, in the dependent portal procedure, only 

the procedure of setting a neighboring portal as a LCM is 
performed by a dependent portal in step S11. 
As the procedures described above are performed by all of 

the portals on the network independently of one another, all 
portals are set as the NCM, a LCM or a dependent portal. 
Thereafter, synchronism of the entire network is established 
by cycle synchroniZation control performed between neigh 
boring portals. 

It is to be noted that, in the network synchroniZation 
system of the present embodiment, also it is possible to use 
operation of another How chart shown in FIG. 7 in place of 
the operation of the How chart shown in FIG. 5. The How 
chart of FIG. 7 eliminates redundant steps from the How 
chart of FIG. 5 making use of the facts that what is to be 
performed by the NCM is both of the procedure by a LCM 
and the procedure by a dependent portal and that operation 
of the cycle synchroniZation control to be performed by the 
NCM is the same as that by a dependent portal. In particular, 
if a portal set as the NCM is set also as a dependent portal, 
then the portal set as the NCM performs the procedure for 
a LCM after the procedure for a dependent portal is com 
pleted. More speci?cally, in the How chart of FIG. 7, the 
steps S3, S5 and S6 of the How chart of FIG. 5 are omitted 
and the step S1 is followed directly by the step S7, and the 
step S2 is replaced by the step S14 which, however, follows 
the step S11. Here, if the discrimination in step S14 is YES, 
then the processing advances to step S8, but if the discrimi 
nation is NO, then the processing is ended. By performing 
such procedures as illustrated in FIG. 7, the siZe of software 
to be incorporated for role setting can be further reduced. 

Further, while, in the network synchroniZation method of 
the present embodiment described above, the network cycle 
master is manually set by a manager of the network, also it 
is possible to replace the procedure with another procedure 
wherein negotiation is performed between the bridges to 
selectively determine a network cycle master automatically. 

FIG. 8 shows a ?rst cycle synchroniZation control system 
between portals which can be applied to the network syn 
chroniZation method of the present embodiment. While FIG. 
8 shows a synchroniZation control system between the portal 
E and the portal F of the bridge 12 of FIG. 4, also 
synchroniZation control systems of the bridge 11 and the 
bridge 13 of FIG. 4 have similar constructions. Further, also 
in the bridge 10 of FIG. 4, the portal B which is the network 
cycle master has the same synchroniZation control system as 
that of the portal E which is a dependent portal in FIG. 8. 

Referring to FIG. 8, the portal E of the bridge 10 which 
is a dependent portal includes a physical layer LSI (PHY) 
71, a link layer LSI (LINK) 61, and a quartZ oscillator 81 
having a resonance frequency of 24.576 MHZ 1100 ppm, 
which are connected in such a manner as shown in FIG. 8. 
A clock signal (SCLK) 131 having a frequency equal to 
twice the resonance frequency of the quartZ oscillator 81 is 
supplied as a clock source for the link layer from the 
physical layer LSI 71 to the link layer LSI 61. However, 
since a cycle timer 91 which produces time information to 
be stored into a CY CLEiTIME register built in the link 
layer LSI 61 operates with 24.576 MHZ, a clock signal 
obtained by dividing the frequency of the SCLK 131 into 
one half by means of a frequency dividing circuit 121 is 
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inputted to the cycle timer 91. Meanwhile, also the portal F 
Which acts as a LCM includes a physical layer LSI (PHY) 
70 and a quartz oscillator 80 as Well as a link layer LSI 60 
in Which a cycle timer 90 and a frequency dividing circuit 
120 are built, Which are connected and operate in a similar 
manner as in the portal E. A subtraction circuit 100 and a 
comparison circuit 110 for establishing cycle synchronism 
are built in the link layer LSI 60 of the portal F. 

It is to be noted that, While a subtraction circuit and a 
comparison circuit are built also in the link layer LSI 61 of 
the portal E, since the circuits mentioned operate effectively 
only When the portal is set to a LCM, they are omitted in 
FIG. 8. 

In the bridge 10 shoWn in FIG. 8, as a synchroniZing 
signal for establishing cycle synchronism, the value of the 
cycleioffset ?eld Which is the loWest order 12 bits of the 
CYCLEiTIME register is transmitted as it is to the link 
layer LSI 60. In the link layer LSI 60, the subtraction circuit 
100 performs subtraction of the value of the cycleioffset of 
the portal F from the value of the cycleioffset of the portal 
E and inputs a result of the calculation to the comparison 
circuit 110. The comparison circuit 110 performs compari 
son processing in accordance With the speci?cations illus 
trated in FIG. 9 and transmits a result of the comparison 
processing to the cycle timer 90. In particular, When the 
result of the subtraction is in the positive, the comparison 
circuit 110 outputs the value of 01 (2 bits); When the result 
of the subtraction is 0, the comparison circuit 110 outputs the 
value of 00 (2 bits); and When the result of the subtraction 
is in the negative, the comparison circuit 110 outputs the 
value of 10 (2 bits). It is to be noted that the comparison 
circuit 110 has a terminal not shown for receiving a pulse 
signal from the cycle timer 90 and has such speci?cations 
that it outputs a signal only for a time Zone Within Which 
pulses are inputted to the terminal. The cycle timer 90 has 
such speci?cations that it transmits pulses toWard the com 
parison circuit 110 When the value of the cycleioffset ?eld 
of the cycle timer 90 itself is 0, and accordingly, the 
speci?cations are such that it outputs a comparison result in 
a period of 125 microseconds. 

If the cycle timer 90 receives 01 (2 bits) from the 
comparison circuit 110, then it determines that the cycle 
frequency of the cycle timer 90 itself is loW and increments 
the value of the cycleioffset by one. On the other hand, if 
it receives 10 (2 bits), then it determines that the cycle 
frequency of the cycle timer 90 is high and decrements the 
value of the cycleioffset by one. If it receives 00 (2 bits), 
then it performs nothing. By performing the foregoing 
control operation, it is con?rmed that the cycle frequency of 
the portal F is synchroniZed With that of the portal E. 

It is to be noted that, While, according to the comparison 
processing speci?cations of FIG. 9, the output value 0 of the 
subtraction circuit 100 is used as a threshold level for the 
comparison processing, it is otherWise possible to alter it so 
that the values of the cycleioffset ?elds of the tWo portals 
may have a ?xed offset. Alternatively, the output timing 
speci?cations of the pulse signal to be inputted from the 
cycle timer 90 to the comparison circuit 110 may be modi 
?ed While the comparison processing speci?cations of FIG. 
9 are maintained so that a similar effect may be obtained. 

In the ?rst cycle synchroniZation control system described 
above, since only the cycleioffset ?eld of the 
CYCLEiTIME register is transmitted from a dependent 
portal to a pertaining LCM, the differences betWeen the 
secondicount ?elds and the cycleicount ?elds of the 
CYCLEiTIME registers of the tWo portals are unspeci?ed. 
As a ?rst modi?cation to this, if a construction Wherein also 
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10 
the ?elds mentioned are transmitted from the dependent 
portal to the LCM is employed, then it is possible to control 
the differences betWeen the values of the ?elds simulta 
neously With establishment of synchronism of the cycle 
frequency. For example, if the loWest order 25 bits of the 
CYCLEiTIME register is transmitted from the dependent 
portal to the LCM and the subtraction circuit calculates the 
difference for the 25 bits and then such control as to make 
the value of the difference have a predetermined value is 
performed, then it is possible to control up to the 
cycleicount ?eld. Further, if all of 32 bits of the 
CYCLEiTIME register are transmitted, then the values of 
all of the ?elds can be controlled. 

Further, as a second modi?cation to the ?rst cycle syn 
chroniZation control system, a link layer LSI having a 
control system shoWn in FIG. 10 built therein may be used. 
In this instance, the comparison circuit 110 performs com 
parison processing using the value of the cycleioffset 
inputted from the neighboring portal at a timing at Which a 
pulse signal is received form the cycle timer 90. Where the 
construction of FIG. 10 is employed, there is no necessity of 
using a subtraction circuit When compared With the con 
struction of FIG. 8. 

FIG. 12 shoWs a second cycle synchroniZation control 
system Which can be applied to the netWork synchroniZation 
method of the present embodiment. Aphysical layer LSI and 
a quartZ oscillator same as those of the ?rst cycle synchro 
niZation control system shoWn in FIG. 8 are used, but only 
a link layer LSI in Which a cycle synchroniZation control 
system is built is exchangeably used. 

Referring to FIG. 12, the link layer LSI 61 of the portal 
E Which is a dependent portal additionally includes a pulse 
generation circuit 140. The pulse generation circuit 140 has 
a function of outputting a synchroniZing pulse 150 at a 
timing at Which the value of the cycleioffset ?eld outputted 
from the cycle timer 91 becomes equal to a predetermined 
value. While the value of the cycleioffset ranges from 0 to 
3,071 in decimal number, the timing at Which the synchro 
niZing pulse 150 is to be outputted is selected from among 
the values of the cycleioffset equal to or greater than 1,000 
but equal to or smaller than 3,070. This is because there 
possibly is a cycle in Which a value of the cycleioffset 
outside this range is not counted. For example, Where the 
clock frequency of the portal AWhich is the cycle master of 
the bus 41 to Which the portal E is connected is higher than 
that of the portal E, there possibly exists a cycle in Which the 
value of the cycleioffset does not become equal to 3,071 by 
overWriting the value of the CYCLEiTIME register placed 
in a cycle start packet transmitted from the portal A. Or, 
since there is the possibility that the signaling timing of a 
cycle start packet may be delayed by approximately 42 
microseconds in the maximum (approximately 1,000 in 
cycleioffset value in the maximum) by the traffic of asyn 
chronous packets, a cycle in Which no value is assumed even 
With a value of the cycleioffset equal to or higher than 0 but 
equal to or loWer than 1,000. Accordingly, in order to alloW 
a synchroniZing pulse to be outputted With certainty for each 
cycle, the synchroniZing pulse generation timing is speci?ed 
as given above. 
On the other hand, the link layer LSI 60 of the LCM 

additionally includes a 3,072-ary counter 160. The 3,074-ary 
counter 160 is incorporated in order to arti?cially regenerate 
the value of the cycleioffset of the cycle timer of the portal 
E, and has three characteristics that 1) it counts up in 
synchronism With a clock of approximately 25 MHZ out 
putted from the frequency dividing circuit 120, 2) it returns 
the count value to 0 When the counter value becomes equal 






